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Three1STprojectsareconcernedbyoneorseveralof theseaspectsof smartantennas,namelySATURN (Smart
AntennaTechnologyinUniversalbRoadbandwirelessNetworks),METRA (Multi-ElementTransmitandReceive
Antennas)andASILUM (AdvancedSignalprocessingschemesfor Link capacityincreasein UMTS). More
specifically,SATURN considersbeamsteeringanddiversityfor UMTS TDD, beamsteeringandMIMO for
HIPERLANn. METRA is concernedbyMIMO forUMTS FDD andTDD.ASILUM considersbeamsteeringand
interferencerejectionforUMTS TDD andFDD,andhassomeactivityonMIMO. Hence,onemajorcommontopic
amongvariousprojectsis MIMO. In 2000these3projectscommonworkwaspropagationmethodology,which
wasthusthetopicofthecluster. .




SectionI explainsthegoalof themeasurementscampaign,themainprinciplesof thevariousolutionstoreach
thisgoal,andthedifficultiesencountered.




I Descriptionof thevariousMIMO measurementsmethodologies
All contributorsusea channelsounder,withvariousbandwidths,thusthechannelimpulseresponseis analyzed
withvariableprecision.















'rh IMST equipment(Fig 1)is basedonaRUSK sounder,havingabandwidthbetween30MHz and120MHz.
antecentre.frequencyis 1.8GHz.Thetransmitteris a verticalpolarizedmechanicalsteerabledirectionalarray









omnidirectionaltransmittingantenna,anda transmitpowerof 20W still limitsthecoveringrangeatr
centerfrequencyof 1.8GHzto 130ID,and2km,in suburbanareaswithNLOS wavepropagation,andin
openareas,respectively.To extendthecoveragerangeadirectionaltransmittingantennaisrequired.
theincreasedmeasurementspeed.This is dueto thefastswitchingcapabilityof themicrowavePIN~'
diodeswitchatthereceiversite. . .


















Universityof Bristol(DOB)alsousesa RUSK BRI sounderfromtheMedavcompany,usingaperiodic
multi-tonesignalwithamaximum120MHz bandwidth.Thecentrefrequencyis 5.2GHz,.Thetransmitteris a
uniformlineararrayandassociatedswitchingcontrolandsynchronisationcircuitry.Decorrelationatsmallantenna
elementdisplacementscanthenbeevaluated,whichis significantforMIMO performances.Thereceiveris an8
elementuniformlineararray.Eachelementis dipole-like(Figure3b).A fastmultiplexingsystemisusedtoswitch
thereceiverbetweeneachof theseelementsin turnin o~derto takea full 'vectorsnapshot'of thechannel.
Measurementaccuracyis assuredthroughtheuseof Rubidiumreferencedclocks,withanopticalfibreproviding
synchronisationa dabsolutephasestabilitybetweenthetransmitterandreceiver.









byitselfduringthenight(fixedenvironment).Datasetswill alsobeanalysedbyKTH in ordertoobtainchannel
modelsandacapacitybenefitanalysisbasedonrealchanneldata.
ll.3 FranceTelecomR&D for SATURN
FranceTelecomR&D usesanewwideband-sounder,developedinternally.Thebandwidthis 250MHz in indoor
environmentand62.5MHz in outdoorenvironment(becauseof permissions).The centrefrequencywill be
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referenceat thereceiver.The arrayantennais movedalonga micrometrictrackwitha A/4step.Thus,using




Thetransmitter(Fig5b)is anomnidirectionalntenna.It is movedalongamicrometrictrackwithaA/4step.CIR
(ChannelImpulseResponse)is measuredateachspatialstep.17stepscorrespondingto41..distanceareused.The i
trackis usedin twoperpendiculardi ections.Thetransmitterlocationis chosenasrepresentativeof Mobiler
Terminalposition.Actually,it will beplacedontheground. j
MeasurementEnvironments: I
Measurementscampaignswereperformedin twodifferentenvironments.Thefirstoneis a typicalcampus-like





werechosen.In thecampus-likenvironment,someoutdoorto indoormeasurementswereperformed.All of thesei





FTR&D will carryoutan analysisof theangularandtemporalradiochannelselectivity.Of thedata.This
experimentationwill particularlyallowinvestigating2Dand3DspatialenergydistributionsrespectivelyattheAP
andattheMobileTerminalin RadioLAN.Spatialcorrelationbetweenelementsof thevirtualarrayantennas,will
alsobeevaluated.Last,a spatialwidebandchannelmodelwill beproposedfor SIMO andMIMO transmission}
simulations.It willbebasedonageometry-basedmodellingapproach(referencesabouthismodellingconceptcan
be foundin [5]).Its relevantparameterswill beextractedfromtheanalysisof theabovementionedcampaign.
Comparisonsonselectivityparametersbetweensimulationsandmeasurements,will alsobeshown.
ll.4 KTH (RoyalInstituteofTechnoloev.Stockholm.Sweden)for SATURN
Inthecontextof SATURN,KTH will exploitdatafromexperimentationsledbyUniversityofBristolandFTR&D,'<
abovedescribed. f






MeasurementS~en.ano '" .. . '" .
fudoorofficebmldmgs.The transnutterISposItIOnedm anoffice,whilethereceIverIS locatedIn anopenarea.This
isatypicalNLOS scenario.Measurementshavebeenperfonnedduringstationaryconditionsatnight.
Exploitationof data
KTH concentrateson statisticalmodelswheretheMIMO (andSIMO) channelis describedbythesecondorder
statisticsof thechannelcoefficientswithoutdirectreferenceto anygeometricalparametersof thepropagation.
Sucha modelis usefulbothto generatenewrandomchannelsin simulatedsystemstudies,butalsoin the.




aresubjecttovalidationagainsttheUoB andFTR&D measurements.TheKTH abovedescribedexperimentledto
averygoodagreementbetweentheindependentidenticallydistributedassumptionfortheelementsofthechannel
matrixH andthemeasuredcapacityresults.
11.5 METRA testbeddevelopedby theUniversityof Aalbore (Denmark)
TheMETRA measurementtestbed(Figure6)consistsof 9parallelreceivingchannels.Inpractice,aunifonnlinear
arraywith4 elementsanda spacingof 1.5.'Ais employed.Theother4 portsareconnectedto 2 dualpolarized
patches.Thelastportis usedforreferencesignalling.Channelsoundingmeasurementsareperfonnedevery20ms
atacarrierfrequencyof 2.05GHz(UMTSband)anda chiprateof4.096Mcps.A morethoroughdescriptionof




. ForMETRA macrocellinvestigation,thisis nota problemsincedatafroma previousSIMO (SingleInput
MultipleOutput)measurementcampaignwillbeused.Synthesisedarrayanalysiswill beundertakentoprovide
MIMO (MultipleInputMultipleOutput)analysis. .
. ForMETRA microcellinvestigation,theswitchissueis notaproblem.Thedistancebetweenthebasestation
(BS),outdoor,andthemobilestation(MS),indoor,will beselectedsuchthatthepropagationlinkbudgetis
withintheoperatingrangeofthemeasurementtestbed.
. ForMETRA picocellscenario,thedimensionof thecell is suchthatthepowerreceivedis strongenough
withoutusingahighpowerfastswitch.
Exploitationofresults
Oneof thegoalsof themeasurementcampaignis to evaluatethespatialcorrelationthatexistsbetweenseveral
elementsof asameantennarrayfordifferentcellscenarios.
Anotheraimofthemeasurementsis toderiverealisticparametersoftheMIMO radiochannelandtofeedtheminto
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